Introduction
The literature on health inequality measurement has benefited substantially from cross-fertilization, both within the discipline of economics (principally from the literature on income inequality measurement to the literature on health inequality measurement) and between the disciplines of economics, epidemiology, and public health (see e.g., Wagstaff, Paci, and van Doorslaer 1991; Mackenbach and Kunst 1997) . This paper extends the literature on health inequality measurement in two directions, borrowing heavily on the income inequality literature.
The first is to allow for the fact that commonly used summary measures of health inequality have ethical judgments about inequality aversion built into them-albeit implicitly. This is true, for example, of the Gini coefficient, which has been used to measure pure health inequality (Le Grand 1987 , 1989 . But it is also true of the concentration index 1 (Wagstaff, Paci, and van Doorslaer 1991; Kakwani, Wagstaff, and Van Doorlsaer 1997) , which has been used to measure socioeconomic inequalities in health-i.e., health inequalities by income or by some other measure of socioeconomic status. 2 The implicit ethical judgements have been recognized in the measurement of pure health inequality, where Atkinson's (1970) index has been used to allow attitudes to inequality to be varied (cf. Le Grand 1987 , 1989 . But varying attitudes to inequality have not been allowed for up to now in the measurement of socioeconomic inequalities in health. To allow for varying attitudes to inequality aversion, this paper develops the concentration index analogue of the Yitzhaki's (1983) extended Gini coefficient. While the aim is primarily to extend the literature on the measurement of socioeconomic health inequalities, the paper also contributes to the literature on the measurement of pure inequality, since, from a formal point of view, the latter can be thought of a special case of the measurement of socioeconomic inequality in health, where what matters is the individual's rank in the health distribution rather than their rank in the income distribution. The approach suggested here, when used in the measurement of pure health inequality, is a natural alternative to Atkinson's index.
The second direction in which the paper extends the literature on the measurement of health inequality is to recognize that policymakers are unlikely to be concerned only about health inequalities, either of the pure variety or the socioeconomic. Rather they are likely to be willing to trade off increases in inequality against improvements in the mean of the distribution (cf. e.g., Wagstaff 1991) . This paper shows how, as in the income inequality literature (see e.g., Lambert 1993), a single summary measure can be computed that reflects both average health and inequality in its distribution. This index is termed here an index of "achievement," but is in effect an abbreviated social welfare function-albeit in the health domain. Again, the exposition is for the case where the interest is in socioeconomic inequalities, but the application to the case of pure inequality is immediate.
The plan of the paper is as follows. The first part of section II generalizes the concentration index to allow the degree of inequality aversion to be specified. The second part of section II proposes the achievement index that combines information on inequality 2 There has been a lively debate over which of these approaches makes more sense and squares better with policymakers' views. See, for example, Alleyne and others (2000) , Braveman and others (2001) , with information on the average level of health. Section III presents some empirical illustrations of these two measurement tools using data for 44 developing countries on socioeconomic inequalities in and average levels of three health indicators: under-five mortality, child malnutrition, and fertility.
Measurement issues
The starting point is the measurement of health inequalities. To make the discussion more applicable to typical health indicators, it is assumed that the health variable measures ill health. It might be an index based on, say, a self-assessed health question (Wagstaff and Van Doorslaer 1994; Gerdtham and others 1999; Humphries and van Doorslaer 2000) . Or it might be an anthropometric measure of malnutrition (Wagstaff and Watanabe 2000; Wagstaff, van Doorslaer, and Watanabe 2001) . Or it might be a binary variable capturing death prior to a certain age . The approach is easily modified for health measures that are increasing in good health. This section summarizes the basics of the concentration curve and concentration index, and then shows how the concentration index has underlying it an implicit value judgement concerning the weights to be attached to people in different points in the income distribution. The section then shows ho w the index can be extended to make explicit differing attitudes to inequality. Finally, the section shows how information on the average and on the degree of inequality can be combined into a single summary measure of health achievement that is linked to extended concentration index.
The concentration curve and concentration index
Suppose we want to measure inequalities in health by income, or some other measure of socioeconomic status (SES). (The case of pure inequality is easily handled, and is discussed briefly below.) We rank individuals by their household's income (or whatever measure of SES we are using), starting with the most disadvantaged. Let p be the cumulative proportion of people, so ranked. The curve labelled L(p) in Figure 1 is an Evans and others (2001) , Gakidou and others (2000) , Le Grand (1987), Wagstaff (2001) and Whitehead (1992 
100%
Where concentration curves cross, the literature to date has used the concentration index as a tiebreaker. This index, denoted below by C, is defined as twice the area between L(p) and the diagonal, or equivalently one minus twice the area underneath the concentration curve:
C takes a value of zero when L(p) coincides with the diagonal and is negative (positive)
when L(p) lies above (below) the diagonal. For individual-level data, C is equal to (Kakwani, Wagstaff, and Van Doorlsaer 1997) (2)
where n is the sample size, y i is the ill-health indicator for person i, µ is the mean level of ill health, and R i is the fractional rank in the living-standards distribution of the ith person (i.e., the empirical analogue of p).
In the case where one wants to measure pure inequalities, the only change one has to make in the above is that one ranks by health (or ill health), beginning with the most healthy (or least healthy in the case where the health measure is a measure of ill health).
The resultant index is, of course, the Gini coefficient.
Attitudes to inequality
Like the Gini coefficient, the concentration index implicitly embodies a particular view about where in the income dis tribution reductions in health inequality matter most.
One way to see this clearly is to rewrite eqn (2) slightly differently: is simply one minus the sum of these weighted health shares.
In the income inequality literature, a variety of indices have been proposed that allow the analyst to specify explicitly the degree of aversion to inequality and then to experiment to see how sensitive the rankings of countries are to the value judgements. Of these indices, the most useful in the present context is Yitzhaki's (1983) extended Gini coefficient. Like the approach proposed by Atkinson (1970) , this involves a parameter capturing the extent of aversion to inequality. The extended concentration index is equal to:
Setting ν=2 gives the standard concentration index. One way of seeing clearly the ethical judgements underlying the extended concentration index 4 is to write it down along the lines of eqn (3), namely
is the weight attached to the ith person's health share, (y i /nµ).
Whatever the value of ν, the average value of w i is one. 6 When ν=1, w i =1 and everyone's health is weighted equally. This is the case where the investigator is indifferent to inequality, and C(1)=0 however unequal the distribution of health is across the income distribution. As ν is raised above 1 toward 4 (see Figure 2 ), the weight attached to the health of persons in the top four quintiles falls, while the weight attached to the health of persons in the bottom two deciles rises. For people in the middle four quintiles, the precise effect on w i of raising ν above 1 toward 4 depends on their location in the income distribution and on the values of ν in question. The general conclusio n, though, is clear:
as ν is raised above 1, the weight attached to the health of a very poor person rises, while the weight attached to the health of people who are above the 55 th percentile decreases.
As can be seen, for ν=6 the weight attached to the health of persons in the top two quintiles is virtually zero. When ν is raised to 8, the weight attached to the health of those in the top half of the income distribution is virtually zero. 
Measuring achievement
Overall "achievement" in health can be thought of as reflecting the average level of health and the inequality in health between the poor and better-off. In the context of the above index, the obvious way of thinking about achievement is as a weighted average of the health levels of the members of the community, where higher weights are attached to poorer people than to better-off people. Thus achievement might be measured by the index:
which is a weighted average of health levels, where the weights are as graphed in Fig 2 and average to one. It turns out 7 that this index is simply equal to:
Consider the case where the health indicator is a measure of ill health (so high values of I(ν) are considered bad) and C(ν)<0 (ill health is higher amongst the poor). Inequality serves to raise the value of I(ν) above the mean (making achievement seem worse than it seems when looking just at the mean). So, for example, two countries might have the same value of I(ν), but one might have a high mean but an equal distribution across income groups while the other might have a lower mean but an unequal distribution across income groups to the disadvantage of the poor. Or suppose that the mean stays unc hanged over time but the distribution of health becomes more prorich. In this case, even though µ has not changed, I(ν) rises, assuming that ν>1. If ill-health declines monotonically with income, the greater the degree of inequality aversion, the greater the wedge between the mean and the value of the index I(ν).
Empirical illustrations
In this section, these methods are illustrated for three health indicators-underfive mortality, child malnutrition, and fertility. The computations are based on grouped data from 44 developing countries, taken from tabulations by Gawtkin and others (2000) on data from the Demographic and Health Survey (DHS). The tabulations show average values for each of five "wealth" quintiles.
Data and methods
Three indicators have been selected. The first is under-five mortality (U5MR), which is simply the proportion of children dying before they reach their fifth birthday.
The second is child malnutrition, as measured by the proportion of under-five children who are classified as underweight, based on anthropometric measures (Alderman 2000).
The third indicator is the adult total fertility rate (TFR), defined as the total number of children a woman would have by the end of her reproductive period if she experienced the currently prevailing age-specific fertility rates throughout her childbearing life. All three indicators feature in the international development targets (International Monetary Fund and others 2000) , and there are specific targets for the first two. 8 There is, however, a concern (Gwatkin 2000) that progress toward population-based targets could mask uneven progress across socio-economic groups. Indeed, there is evidence that in some countries progress in reducing child mortality and malnutrition has been slower amongst the poor (Victora and others 2000; Stecklov, Bommier, and Boerma 1999; Vega and others 2001; Wagstaff, van Doorslaer, and Watanabe 2001) .
Households were ranked in the production of the tables in Gwatkin and others (2000) using an index of wealth obtained from a principal components analysis (PCA) of questions on housing characteristics (e.g., the material from which the floor is made of) and ownership of ho usehold durables (e.g., bicycle, refrigerator, etc.) (Filmer and Pritchett 1999) . These methods along with the factor score matrices are reported elsewhere (Gwatkin and others 2000) . The data are in grouped form, based on quintiles of households. The denominators relevant for computation of the concentration indices are the sample at risk (e.g., children under the age of five in the case of child malnutrition) so that the groups are not necessarily quintiles of the sample at risk. In the case where grouped data are used to compute the extended concentration indices, certain modifications need to be made to the equations in the previous section. These and other computational issues are discussed in the Appendix.
Poor-nonpoor inequalities
Inequalities to the disadvantage of the poor are evident in all three health indicators (see Tables 1-3 The concern here is not so much with inequalities per se (important as these are)
but rather with the extent to which measured inequality varies according to the weight attached to the poor in the computation of the inequality index. As expected, raising the value of ν above 2 results in more prorich inequality. Thus, for example, for malnutrition the average value of C (8) is -0.3375 while the average value of C(2) is only -0.1475.
Interestingly, the impact of raising ν varies across countries. For example, raising the value of ν from 2 to 8 causes the extended concentration index for TFR in Chad to fall from -0.0157 to -0.0777-a fourfold change. By contrast in Cameroon, the change is far smaller-from -0.0627 to -0.0843. This reflects the fact that in Chad, the TFR amongst the poorest group differs quite dramatically from the rest of the sample while in
Cameroon the poorest group actually has a lower TFR than the second poorest group.
Another country whose extended concentration index is highly sensitive to the choice of ν is Brazil. In the case of the TFR, for example, raising the value of ν from 2 to 8 causes the extended concentration index to fall from -0.1197 to -0.6593. This is a smaller percentage change than the change in the case of Chad, but the absolute change is much larger. This reflects the fact that the TFR amongst the poorest quintile in Brazil is much higher than that amongst the other four quintiles. The heavy concentration of high fertility in the poorest group in Brazil is reflected in that county's dramatic change of rank in the TFR inequality "league table" as ν is raised above 2. For ν=2, Brazil is ranked 34 out of 43. When ν reaches 8, Brazil is almost bottom (number 42). Namibia, by contrast, where the poorest group has a somewhat lower TFR than the second poorest group, sees its rank position improve from 25 to 17. While these are just examples, they serve to illustrate the point that both measured inequality and the rankings of countries by inequality can be quite sensitive to the decision of whether to depart from the implicit weighting scheme of the standard concentration index and of so by how much. 
Health achievement
The need to take into account inequality as well as the average level of health is also evident from Tables 1-3. Many countries that do well on one dimension (e.g., the average) do badly on the other (e.g., inequality). Brazil, for example, has low average levels of under-five mortality, child malnutrition and fertility, but the inequalities between the poor and the better off are very large. By contrast, Niger has fairly small gaps between the poor and the better off on all three indicators, but the average values of the indicator are extremely high. It is important is assessing achievement to think not just about the mean, nor just about inequality, but about both.
Moving from a focus on the mean to a focus on the achievement index produces some interesting results, especially for the TFR indicator. In the average TFR league 
Summary and conclusions
To recap briefly, the concentration index has embedded in it a particular set of value judgements about the weights to be attached to the health of people at different points in the income distribution. The standard concentration index can be shown to be equal to the complement of a weighted sum of the health shares of the individuals in the sample. The weights decline in a stepwise fashion, starting with a weight close to two for the poorest person, declining by equal steps for each one-person move upward through the income distribution, and reaching a number close to zero at the top end of the distribution. The extended concentration index allows different weightings to be used and hence the value judgements built into the calculations to be made explicit. By setting the inequality aversion parameter ν equal to 2, the extended concentration index reverts to the standard concentration index. By setting a value of ν above 2, the analyst raises the weight attached to the poor (compared to the weight in the standard concentration index) and reduces the weight attached to the better off. Reducing the parameter ν below 2 has the opposite effect.
The paper also showed how inequality, as measured by the extended concentration index, can be combined with information on the average to measure overall health achievement. It was shown that by measuring achievement as a weighted average of health levels, where the weights are the same as used in the extended concentration index, the resultant index is in fact simply equal to the product of the average and the comple ment of the extended concentration index. In the case where the measure of health is a measure of ill health, and ill health is higher amongst the poor and hence the concentration index is negative, pro-rich inequality raises the level of achievement (or "disachievement") above the mean, by a percentage that is equal to the value of the extended concentration index.
The methods were illustrated using distributional data on under-five mortality, child malnutrition and adult fertility for 44 developing countries. The results illustrate two important points, each of which has an important implication. First, levels of inequality and the rankings of countries can both be sensitive to how far one deviates from the implicit value judgements underlying the concent ration index. In countries where the health of the poor is very much worse than that of the rest of the population, the increase in measured inequality when one weights more highly the health of the poor can be quite marked. This suggests that in future empirical work on health inequalities, especially in contexts where there is a specific concern with the health of the poor, more attention should be paid to the sensitivity of results-including country rankings-to the weighting scheme used in the health inequality measure. The second important point to emerge is that noteworthy changes-including major rank changes-result when one moves from an assessment of achievement based solely on the average to an index of achievement that captures both the average and the extent of inequality between the poor and better-off. These changes are especially pronounced when the weight attached to the poor is increased substantially above the weight implied by the standard concentration index, and when ill health is highly concentrated amongst the poor. This suggests that if it is indeed a concern of the international development community to ensure that improvements in health are disproportionately concentrated amongst the world's poor, it would make sense to move away from the use of population averages toward the use of an index of achievement such as that proposed here that captures both average health levels and the often large inequalities in health between the poor and better off.
Appendix
Derivation of eqn (5) Lerman and Yitzhaki (1984) show that the extended Gini coefficient (the same logic applies to an extended concentration index) can be written as:
Like the standard concentration index, this can be written as a convenient regression (Jenkins 1988; Kakwani, Wagstaff, and Van Doorlsaer 1997) . In this case the regression is:
where β 1 is the extended concentration index. Denoting the LHS variable by Y i and the RHS variable by X i , the OLS estimate of β 1 is equal to (A3) . 
Computation of C(v) on grouped data
From eqn (A5), it is clear that the analog of eqn (5) is equal to:
where f t is the sample proportion in the tth group, y t is the average level of ill health of the tth group, and R t is its fractional rank, defined as
and indicating the cumulative proportion of the population up to the midpoint of each group interval. Typically, the first term will not equal one on grouped data. 
